Abstract. This article which is based on the measurement of rationalization and upgrading of industrial structure explores the effects of industrial structure changes on regional innovative capacity by using econometric model that is built by thirty regions' balanced panel data from 1997 to 2011 in China. The empirical results show that the rationalization and upgrading of industrial structure would promote the regional innovation capacity and at the present stage the contribution which rationalization makes to regional innovation capacity is greater than that of upgrade. Meanwhile, effective demand and finance demand have been playing a positive role in promoting innovation ability, while investment growth, government intervention in economy and openness represent negative effects on regional innovation ability.
Introduction
Transformation of industrial structure is a dynamic process. In this process we must not only consider the industrial upgrading but also pay a great deal of attention to the question whether industrial structure is reasonable or not. Nowadays unreasonably industrial structure is becoming one of the most prominent problems in the process of China's economic development. At the same time, China also is in the key phase transferring from manufacturing industries to service industries. In the era of knowledge economy, rationalizing industrial structure has become a significant feature of economic development. Therefore, the rationalization and upgrading of industrial structure is an urgent problem to be solved. Rationalization and upgrading of the industrial structure are mutually promoting and inseparable. Rationalization of industrial structure will greatly optimize the utilization of resources to efficiently increase the productivity. And in turn high-level industrial structure can energetically enhance the current level of productivity to a higher one, and ultimately we could efficiently allocate the resources in top quality way. Rationalization of industrial structure is the basis of the upgrading of industrial structure, and improving the efficiency of the structure can promote the development of industrial structure upgrading. While the upgrading without the basis of industrial rationalization, it is only a kind of fake model. Meanwhile, industrial upgrading can promote the industrial structure become a higher level rationalization. Under the background of China's economic development the targets of optimization and adjustment of industrial structure can be summarized as the rationalization of industrial structure and industrial upgrading based on rationalization. As industrial structure in a region becomes more reasonable, the interactions among industries would be more coordinating and the allocation of resources is becoming more and more reasonable, which provide some good opportunities to increase innovation capacity. Eventually, industry maintains a healthy and sustainable development and regional innovation capacity gradually will go up. When industrial structure is in a relatively advanced state, financial sectors, technology services, research institutes and other innovation sectors would play more important role in the process of regional economic development and promoting innovation ability. The innovation ability will increases with focus on from manufacturing enterprises' innovation to the companies' innovation in tertiary industry. Handling the relationship between the industrial rationalization and upgrade will make our country's industries more competitive in the world, optimize the allocation of resources, achieve the best efficiency from input to output, and promote innovation capacity. So this article tries to make up for the inadequacy of existing research, we divide industrial structure changes into the two processes, namely, rationalization and upgrading. Meanwhile, we could explore their effects on the regional innovation capacity as well as analyze which process' contribution to the regional innovation capacity is larger at the present stage.
The Measuring Method of Industrial Structure Changes
The Measurement of Industrial Structure's Rationalization Gan Chunhui et al. (2010) made use of Theil index from the perspective of industry to analyze the evolution process of economic gap and indicated that Theil index was a relatively reasonable measure of rationalization [1] . Hence, we will also use the index to measure industrial structure rationalization. A designed formula is as follows:
where the subscript i indicates the ith industry in the given region in a year, N is the number of industry in a region. In the paper we set that N equals three. The Y indicates the regional output, and Yi represents the ith industry output in the above region. L represents the total employment in the region, and Li is the ith industry employment in the region. If TL's value is zero, the industrial structure is in the most reasonable state. But, if TL's value is logN, it implies that the industrial structure deviates from the equilibrium state and the structure is extremely unreasonable. That is, the larger the index value becomes, the more unreasonable the structure is. We use the index as a negative indicator of industrial structure rationalization. But in the real economy, the reasonability and irrationality of industrial structure is an extreme state, so the Theil index TL ranges in open interval between 0 and logN in general.
The Measurement of the Rationalization of Industrial Upgrading
The social trend of service economy is becoming apparent. Making use of the proportion of non-agricultural industries to the total output could not meet the requirement of existing research. Hence, we use the proportion of the tertiary industry's output to the second one to measure the degree of the industrial structure upgrading. The formula is as follows:
where TS represents the degree of industrial structure upgrading in a region, SI indicates the output of the second industry and TI is the output of the tertiary industry in the region. The index shows that the greater it is, more advanced the industrial structure.
Models, Methodology and Variable Specifications

Models, Variable Specifications and Measurements
we set form of econometric model as follows:
where the subscript i indicates ith region in the sample, subscript t denotes year. Explained variable yit represents the innovation capacity and is proxied by the number of patents granted by the country. Variable lnTL represents the rationalization index of industrial structure as the explanatory variable. The greater value of the index shows that industrial structure is unreasonable, so we expect that the coefficient of the explaining variable would be a negative number. Variable lnTS indicates the upgrading level of industrial structure. As another explanatory variable, so we foretell that the coefficient symbol of the explaining variable will be positive. Control is the controlled variables of the model. Symbol λ, β and γ denotes the unknown parameters. Variable vi is the individual effect which is not observed.εit denotes stochastic disturbance.
Control variables of the above econometric models are the following:(1) the effective demand scale (lngdp): To reduce unnecessary trouble, we take the natural logarithm of regional GDP to reflect scale of effective demand and the level of development. (2) Growth rate of the investment(lnrinvest): Investment is one of the indispensable factors in the process of raising innovation capacity. First, we calculate the proportion of the fixed assets investment this year to that of previous year. Second, we subtract one from the above results and then take natural logarithm. (3) Financial development (lnfg): we take the proportion of total loans to regional GDP and then take the natural logarithm to reflect formal financial development. (4) Degree of government involvement in economic activity(lngcg):we use the ratio of government spending to regional GDP and then take the natural logarithm to measure the degree of government involvement in economic activities. (5) Degree of opening to the outside world(lnopen): we use the proportion of total import and export value plus paid-in foreign direct investment to regional GDP and then take the natural logarithm to measure the degree of openness.
The Data Set
The sample data used for our empirical analysis are composed by 30 provinces, municipalities and autonomous regions (we excluded Tibet because of the its missing data). After Tibet region is excluded, there is no missing data. So it is possible to construct a balanced panel with 30 regions from the data covering the period 1997-2011.The data are collected from five different databases released by National Bureau of Statistics of the People's Republic of China: China statistical yearbook, China statistical yearbook of science and technology, the new China 60 years statistical data collection and statistical yearbook of every province.
Method of Estimation
We use the hierarchical regression method in the article. The benchmark model includes variable lnTL, lnTS and lngdp. On the basis of the benchmark model, we gradually incorporate the other control variables, which verify the robustness of the model in order to better explain the impact of the change of industrial structure on innovation capacity.
Generalized moment estimation method based on the dynamic panel mainly have two step difference GMM (Diff-GMM) and two-step system GMM (Sys-GMM) estimation method. Diff-GMM estimation method of dynamic panel by using lagged explanatory variable as instrumental variables solves the problem of endogenous variables and dynamic panel deviation. In doing that, we could overcome the inconsistency of the within estimator and obtain the unbiased estimator. However, the Diff-GMM estimation method also has some defects. It could not estimate the individual effect which does not vary with time and solve the problem of weak instrumental variable. Blundell and Bond (1998) combined Diff-GMM with level-GMM, and then make the difference and horizontal equation as a equation system to carry out GMM estimation, namely, the system GMM(Sys-GMM) [3] . System GMM's advantage is that it can improve the efficiency of the estimation, and can estimate the coefficient which does not vary with time variable, but this method need some prerequisites (David Rooman, 2009) [2] , which are that every order difference lag has nothing to do with the individual effect vi. If this assumption is not met, we will not adopt the Sys-GMM estimation method. If λ's absolute value is less than one, the set of yit will approach to an equilibrium yi* (which depends on the individual effect vi). Therefore, the set of yit must move around the equilibrium point yi* in the whole sample to ensure the entire hypothesis. Because China is in a critical period of transformation, political and economic environment continuously changes. Regional patent number is likely to have a certain distance with the steady state and not move around the equilibrium. Therefore, we use the sample which might not meet the premise of Sys-GMM method in empirical sector. After adopting the Diff-GMM method to estimate the model, we also use Sys-GMM method to estimate it to compare the two estimation method, which is a practicable way to scrutinize the robustness of model. But the empirical results mainly rely on the dynamic panel Diff-GMM method owing to the stricter premise which might not meet the need of Sys-GMM estimation method. How to select the lag variable is the vital for whether or not the results of this estimation method are effective. In order to solve the problem which excess instrumental variables may cause, we restrict the lag length between one and two (Roodman 2009) [2] .
The applicability of the two step Sys-GMM estimation method of dynamic panel is mainly verified by two tests. The Arellano-Bond test is to autocorrelation test to verify whether the second-order of stochastic disturbance is auto-correlative. The null hypothesis is that stochastic disturbance does not have the second-order autocorrelation; another one is the Sargan test to verify whether the whole instrumental variables are efficient. The null hypothesis is that all the instrumental variable are efficient.
Empirical Results
To avoid the problem of endogenous and consider the cumulative effect, we adopt the difference GMM estimation method the previously established dynamic panel model (3) . The estimated results are shown in Table 1from model ① to ④ . As you can see, the Sargan test is a test on whether the instruments are uncorrelated with the stochastic disturbance εit. Table 1 shows that the null hypothesis is accepted from model ① to ④ . At the same time, the Arellano-Bond test accepts the null hypothesis of no second-order autocorrelation in the disturbances of the first differenced equation in all the estimations at the 1 percent level. Therefore, the test results show that the dynamic panel Diff-GMM estimation method is reasonable.
In the Table 1 , the cumulative effects of innovation capacity are positive and thoroughly significant at the 1 percent level, which indicates that promotion of innovation capacity relies not only on the current input but also on the previous innovative behavior and output and which suggests that adopting the static panel model to estimate the established equation can bring deviation between theoretical conditions and real economy world. The coefficients of industrial structure rationalization (lnTL) in all models have negative signs and are completely significant. Hence, the regression results coincide with the expectations. The estimated parameters indicate that the industrial structure becomes unreasonable, the regional innovation capacity will keep a lower level. In other words, the rationality of industrial structure is in direct proportion to the innovation capacity. In model ④, the rationalization coefficient of industrial structure is 0.139, which means that when the rationalization index of industrial structure decreases by one percent, the patent granted will increase by about 0.139 percent. Standardized coefficients are usually more convincing than the non-standardized ones. Therefore, through standardization calculation, we could obtain that the standardized coefficient of variable lnTL is 4.5 percent, which indicates that the change of variable lnTL could explain 4.5 percent of regional patent's number change. The coefficients of upgrading index of industrial structure (lnTS) in the whole models have positive signs and are thoroughly significant at the 1 percent level, which suggests that the relationship between upgrading of industrial structure and innovation capacity presents a fairly stable status. In model ④, The coefficients of upgrade index of industrial structure (lnTS) is 0.176, which illuminates that t when the upgrade index of industrial structure increase by roughly 1 percent, the patent granted will increase by about 0.176 percent. In the similar way, we can obtain the standardized coefficient of lnTS is 1.3 percent, which means that the change of variable lnTS may explain 1.3 percent of regional patent's number change. From the standardized coefficient's perspective, the contribution made by the rationalization of industrial structure is greater than the upgrading, which demonstrates China should give high priority to readjusting the industrial structure to a more reasonable level and escalate the industrial structure further on the basis of structural rationalization.
When we use dynamic panel Sys-GMM method to estimate the established equation, the excessive import of control variables will creates a lot of instrumental variables. Due to the limited sample capacity, we should not incorporate all the control variables into the estimated model under the premise of fixed sample capacity. we gradually introduce control variable to carry out the estimation. The estimated results are shown in Table1 from ⑤ to ⑧. As we can see, all models from from ⑤ to ⑧ have passed the Sargan test and the Arellano-Bond test. Regression parameters show that the cumulative effects efficient of innovation effects are positive and thoroughly significant at the 1 percent level, which further illustrate the current innovation activities depend on the previously innovative behaviors and achievements and also suggest that the static panel model is inferior to the dynamic one when we analyze the innovation capacity. Coefficients of variable lnTL are negative and significant in all models. The estimated parameters indicate that the industrial structure becomes unreasonable, the regional innovation capacity will keep a lower level. In other words, the rationality of industrial structure is in direct proportion to the innovation capacity. And at the same time, signs of variable lnTS are positive and the coefficients are thoroughly significant at 1 percent level. Hence, the regression results coincide with the expectations. The coefficients of upgrade index of industrial structure(lnTS) in the whole models have positive signs and are thoroughly significant at the 1 percent level, which suggests that the relationship between upgrade of industrial structure and innovation capacity presents a fairly stable status.
Investigation to the other control variables can be found as follows: effective demand scale(lngdp) and the financial development (lnfg) have a significantly positive effect on innovation capacity.And the growth rate of investment (lnrinvest), degree of government involvement in the economy (lngcg) and the degree of opening to the outside world (lnopen) have a significantly negative effect on innovation capacity. 
Conclusions
Innovation capacity is of significance to decide the regional international competitiveness. But researchers have not reached an agreement on how to promote regional innovation capacity. Most researchers always study the impact innovation capacity on the industrial structure in China, while few researchers focus on the opposite impact. Inspired by this idea, we explore the effects of the evolution of industrial structure on the regional innovation capacity.
Interesting results emerge from our analysis. First, the dynamic panel model is more appropriate method to analyze the problems of innovation capacity. It also verifies the conclusion, namely innovation model is based on the framework of incremental innovation (Denicolo and Zanchettin, 2002 ) [4] . Second, by controlling the related variables, rationalization and upgrading of industrial structure have positive impact on regional innovation capacity and at the present stage rationalization's contributions to innovation capacity is greater than that of upgrade. At the same time, the effective demand level and financial development have favorable impact on the regional innovation capacity, while degree of government involvement in the economy, the investment growth rate and degree of opening to the outside world have an adverse effect to the regional innovation capacity.
Therefore, we draw a strong policy conclusion that in the process of enhancing the regional innovation capacity, the industrial structure policy must focus on the rationalization of structure. But when the industrial structure is reasonable, we strive to upgrade the structure.
